MIKOLÁŠ, M., VANĚK, M., ČERNÝ, I., KUČEROVÁ, L., ŽOČEK, F.: Economic modelling under conditions of exploitation of cohesive construction minerals. Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 7, pp. 249-260 Managers of mining companies use for decision-making on optimization of manufacturing processes advanced modelling methods and simulations on computers. The article proposes and analyses the model of a mining company production cycle consisting of a three-dimensional quarry model, technology model and economic-mathematical model. Based on the latter model an economic simulation model of a quarry has been created in the MS Excel program currently available on all personal computers, which measures outputs in the form of changes in total and unit costs according to the generic classifi cation of costs in response to changes in inputs in the form of parameters of technology equipment and other operating parameters. Managers use the economic simulation model of quarry as decision support to increase profi tability or improve competitiveness of their product from the sector of construction minerals.
decision-making, simulation methods, economic modelling, construction minerals Modelling, simulation models, analytical models are concepts that are now o en found in discussions and work of experts in all areas of management (Malindžák, 2010) . The reason can be found mainly in the fact that in a dynamic and turbulent environment (Drucker, 2001) it is not easy to make the right decision. Especially when we realize that the results of decision-making processes (especially at the strategic level of management) signifi cantly aff ect the eff ective operation and future prosperity of these organizations (Fotr, 1997) .
Information plays a key role in decisionmaking processes. The quality of decision-making processes depends to a large extent on availability of information and knowledge in terms of their scope and quality (Fotr, 1997) . However, information is not the only thing that matters in decision-making. Apart from personal qualities of decision-makers, the outcome of decisions is aff ected by the use of appropriate forms of decision-making and decisionmaking methods. In particular, the chosen decisionmaking method may be important strategic support of the manager (decision-maker) for selecting optimal variants or alternatives.
One of the decision-making methods is just a method based on modelling and simulations. Modelling can be defi ned as material or intellectual reproduction and investigation of a real existing object by means of another, usually artifi cially constructed object, in which only selected properties, features and relations of the original object are expressed (Fiala, 2008) . Modelling can be understood as creating models and simulations, then as calculations and experiments with the model created (Malindžák, 2010) .
Currently the model is interpreted diff erently depending on the author, intention, science or engineering fi led of study, etc. A model usually means any entity M that for some purposes, represents another entity O (understood as the source and therefore o en referred to as an original or artwork) (Křemen, 2007) . In this article, we understand the model as simplifi ed reproduction of a real object where some compliance in the structure or function with the object examined exists (Fiala, 2008) . A model is then the result of modelling and as an artwork we use the process of the mining of construction minerals. The article aims at presenting the modelling as a tool applicable by managers of mining enterprises operating in the mining sector of construction minerals.
MATERIALS AND METHODS

Exploitation of cohesive construction minerals
The exploitation of mineral resources is an important industrial sector, which gives interesting business opportunities, despite the number of specifi cs associated with acquiring the mineral resources. From a long-term view the mining production process is of a cyclical nature and its ups and downs are mainly infl uenced by the level of prices and conditions of procurement of the raw materials either by own production or by importation (Dvořáček, 1999) .
The current face of the Czech mining is signifi cantly aff ected by economic transformation that took place in the last decade of the 20th century. It was a period of time marked by privatization, liberalization and restructuring. The result of these changes is a decrease in importance of mining in the GDP creation. In 1993 this proportion was 3.7%, in 1998 the proportion fell to 1.8%. The decrease continued even in subsequent years, in 2001 the proportion of the mining of construction minerals in the Sector Classifi cation of Business Activities (OKEČ) was 1.1% and in 2007 only 0.94 %. In the following year, 2008, the proportion increased to 1.03%.
Besides reducing the importance of mining as a sector of the national economy also the importance of individual raw material groups changed. While previously, the extraction of energy resources unambiguously prevailed, today nonmetallic minerals are up the importance and in some years (e.g. 2008) the construction materials were dominating by volume and value. The data from the Czech Geological Survey -Geofond shows that in 2009 the proportion of energy resources in the energy sector sales was 49.69%, the proportion of construction minerals was 28.43% and other raw materials then 21.88%.
Construction minerals are considered to be a group of four raw materials, which inherently belongs to non-ore raw materials. These are decorative stone, building stone, gravel and sand and brick raw materials. The extraction of these raw materials in the Czech Republic is promising even in the future, since as at 31 December 2009, in geological reserves 183,752 thousand m 3 of decorative stone, 2,346,363 thousand m 3 of building stone, 2,112,759 thousand m 3 of gravel and sand and 548,769 thousand m 3 of brick raw materials were reported. Lifetime of industrial supplies of brick raw materials and decorative stone is estimated at more than 100 years. The industrial supplies of building stone are for around 77 years and gravel and sand then 97 years [Raw-Material Yearbook] .
It is interesting that some forest enterprises (e.g. Lesostavby Frýdek-Místek, a. s.) operates quarries.
The whole process of the exploitation of mineral resources and thus construction minerals consists of four basic phases: (1) opening and preparation of the deposit to mining, (2) mining itself, (3) treatment of extracted raw materials, (4) elimination of eff ects of mining (Kryl, 1997) .
Considering the volumes of mining and technological diff erence in exploiting decorative stone we further focus in this article on building stone. The principles of modelling and the model itself, which is to be described below, can be applied to other groups of construction minerals a er some adjustments.
The inherent mining process begins with disintegration, which in case of the extraction of building stone means that we use blasting operations to separate the rock from massive. In the bulk extraction the method of mining in degrees (bench mining) is applied. It is used wherever the quarry wall is steeper than 60 degrees and the height of the bench in the range of 10 to 25 meters (Kryl, 1997) .
If we examine in detail the entire process of acquiring cohesive raw materials, then we can decompose it into two production processes (mining process, treatment process), which are further decomposed into individual technological processes and operations (see Fig. 1 ).
Methodology of creation of an economic model under conditions of a mining enterprise
Many theoretical studies and practical applications are dedicated to the issues of economic modelling (e.g. Hušek, 1987; Rabová, 1992; Fiala, 2008) .
The model building process is a kind of abstraction. The basic division of the models depending on their construction and means of reproduction of phenomena, is into material (technical) and ideal (mental) models (Fiala, 2008) . The fi rst method of modelling consists in the modelling of enlarged or reduced objects that by their properties and behaviour faithfully represent the objective reality of interest. The crucial from the ideal models are mathematical models (Fiala, 2008) , when we work with mathematical means of expression (input and output variables, constants, parameters, equations, inequalities, etc.).
Our objective reality of interest is the exploitation of cohesive mineral resources. We intend to describe this exploitation in an economic way, which we will do using an economic-mathematical model. Economic-mathematical modelling, however, stands on the imaginary top of a model pyramid (see Fig. 2 ).
We have no choice therefore than to deal with its various levels.
Three-dimensional modelling of quarry
In creating a three-dimensional model of quarry (see Fig. 3 and 4) it is a necessary fi rst to clarify how detailed model for subsequent modelling we need. If we make do only with basic knowledge of the quarry area of interest, or a "site layout", then we can use a colour orthophoto map (Hanzl, 2001) . The orthophoto map of the area of interest can be obtained, for example using Google Earth. If a simple three-dimensional model will not satisfy us, we have the laserscannig available, which allows to create 3D-model of the quarry operation of interest. The three-dimensional model needs to be completed with the data on minerals mined at the deposit. In particular, it is their occurrence at the deposit, including geo-mechanical and technological properties.
If we only need a very simple representation of a quarry operation, we can create a model in a matrix whose number of rows corresponds to the number of benches and the number of columns then the number of working sections (see Tab. I). In the working section the appropriate technological operations are performed and its size is determined by the parameters of the blasting operation. It is clear that the "matrix" three-dimensional model must be adapted to specifi c conditions of the quarry. Also the fi gures reported for teach working section can be modifi ed according to the needs of the creator or user of the model. In our sample model section indication, section parameters, total transport distance in the individual working sections (WS) are recorded and by the colour of the section then the extracted mineral is indicated.
Modelling technologies
Despite many specifi cs the mining and processing of minerals is (Dvořáček, 1999) a standard business sector and mining companies are places, where input factors are transformed into outputs.
The transformation process cannot be imagined without necessary technology, the miner uses to acquire minerals at a certain deposit. And that is the subject of modelling. Various types, numbers and characteristics of the technology equipment deployed refl ect the capacity requirements to be met by the quarry operation. The starting point for modelling is then the decomposition of the complete production cycle, shown in Fig. 1 .
In general, the capacity of a production unit is defi ned as a result of its performance and the period of time for which it is in operation (Synek, 2007) . In case of a mining company a production unit is understood the entire company, its production organizational units (plant, operation), or individual technology equipment (loader, industrial vehicle, crusher, etc.). The production capacity is then understood as the maximum amount of a commercial mineral that can be extracted under certain conditions over time (Dvořáček, 1997) . We express the capacity in physical units (in the area of construction minerals usually t or m 3 ) and calculate it using the following formula: Real operating conditions as a rule do not allow to use the performance advantages of the technology equipment deployed and in particular to use fully the time fund. Therefore, the actually achieved volume of production is always less than or the same as the theoretical production capacity (Synek, 2007) .
In determining the production capacity within technological modelling, we do not focus only on the own technological devices, but the attention is paid to the production capacity of the whole technological process, or the entire production process. The production capacity of higher production units is infl uenced by both the interaction of individual technological devices and the relationship of these units.
Generally, the individual production units are arranged in parallel or in series. If this is the parallel arrangement, then the production capacity is given by the sum of partial production capacities. If the transformation process is solved using the serial arrangement of the technology equipment, the production capacity is given by the capacity of the so-called main production member.
The main production member is meant such operation, where a major part of production machinery is concentrated and where the largest proportion of the overall work is spent (Synek, 2007) . It is also obvious that in the serial arrangement of production units the smallest performance of a technological device is a limiting factor in the technological or manufacturing process. Therefore, when selecting the equipment, we should follow the principle of capacity reconciliation, which we can ensure in that the following process is stronger in capacity than the previous one 1 . Which arrangement of technological processes or technology equipment for the exploitation of construction minerals will predominate depends on the size of quarry operation. For small quarries net serial arrangement can be expected. With increased volumes of exploitation the required capacity is ensured by adding the technology equipment arranged in parallel. For example, to transport muck from a ruin three industrial vehicles are used. Another example is the simultaneous existence of two ruins, where the much is currently transported from. According to the properties of the mineral it can be transported to two diff erent places, where will be further treated (fi xed + mobile treatment line). It can be assumed that in medium and large quarry operations we fi nd rather a hybrid arrangement, which means a serial organization of technological processes and a possible parallel arrangement of technology equipment.
Economic modelling
Only if the technology solution of the mineral exploitation is known, we can proceed to economic modelling. This modelling means to search for an economic model, or economic-mathematical model describing the technological process of mining and processing of cohesive mineral resources.
The inherent process of modelling consists of fi ve following stages (Hušek, 1989; Vlček, 1999; Fiala, 2008) 
Experiments with the model -simulation 5. Implementation of the solution in practice
When we examine entrepreneurship in the area of the exploitation of mineral resources through the prism of Act No. 513/1991 Coll., the Commercial Code, as amended, we fi nd that the business activity is the activity conducted in own name on own responsibility for the purpose of getting profi t. A positive income from operations thus becomes an important aim of the company and its management.
The income is an economic variable that can measure the performance of transformation process (Fiala, 2002) . The inputs and transformation itself, in our case the exploitation and treatment of a mineral, can be expressed as the total costs and the outcomes as the total revenue (Fiala, 2002) .
where:
One of the reasons why we use in the economic model just the income is the availability of the information concerning economic variables needed to perform the calculation. Under the provisions of Article 4 of Act No. 563/1991 Coll., the Accounting Act, as amended, the accounting entities (business entities) are required to keep accounts. Under Article 7 of the Act, the accounting entities shall keep accounts so that the fi nancial statements compiled under the Act give a true and fair view of the accounting and fi nancial situation. For our purposes the key is just such fi nancial statements, which consist mainly of the balance sheet and profi t and loss statement. Just the profi t and loss statement provides the information necessary to calculate the income, as the costs and revenues achieved during the period are recorded in this statement.
We will focus further only on cost modelling. The reason is that the costs are at the forefront the interests of operational managers. It will be of vital interest for many extraction companies to introduce optimum measures based on minimising of production costs.
The model will be based on the generic classifi cation of costs, whereas the focus of interest will be in the key cost types, which can be expressed: Other costs are operationally understood to be less important types of costs such as taxes and fees, fi nancial costs, other operating expenses and extraordinary expenses.
For managerial decision-making it is useful to model also the relative cost expression. We mean unit costs, or costs, which are expressed as a percentage of the costs per value unit of production (hellers of costs per CZK 1 of revenues and or a crown of costs per CZK 100 of revenues). The indicator of unit costs is therefore known as a heller indicator (Dvořáček, 1997) .
However, for subsequent considerations and calculations it will be preferable to use a cost indicator of the physical volume of production. In this case the volume of production is expressed in physical units, which in the area of construction minerals is t and m ]. The model is created to support the decisionmaking of a miner, or a mining company manager. Therefore, it may be valuable for the decision-maker, if the economic model refl ects manufacturing and technological processes exploiting minerals. If the model will be able to describe the exploitation of muck of a certain working section, such model will be more interesting for decision-makers. If we model the costs in terms of these considerations, then the total costs of a working section can be expressed as follows:
where: . Within each manufacturing or technological processes inputs are consumed whose consumption of money is refl ected by costs. In our mathematical model it is expressed in the relations (3)-(5), but with a sole exception of depreciations, or costs having a fi xed nature (e.g., lease payments, insurance).
Depreciations and other fi xed costs, due to their nature in a given time period (e.g. year, month) are fi xed, but the processes in the given working section are usually of signifi cantly shorter duration. It is therefore necessary to determine the amount of fi xed costs of items for the duration of the exploitation and treatment of the muck coming from the working section.
Since it is materially the costs that are associated with the technological equipment deployed, the basis for determining this amount is the eff ective time fund of the technology equipment and its performance.
For simplicity, let us further consider the depreciation. The depreciation of the technology equipment may be determined by the relationship: The amount of depreciation attributable to an operating hour of the technological device then is: Since the performance of the deployed technological devices is usually known, it is not diffi cult to determine the equipment depreciation per unit of performance. In modelling we will work with expected actual performance, which refl ects the specifi c conditions of deployment. Once known the technology equipment depreciation per unit of work performed, it is easy to determine the amount of depreciation attributable to a working section. The total depreciation is then the sum of depreciations of single technological devices. (8)- (12), apply by analogy to lease payments or additional fi xed cost items.
When assigning numbers to the processes under consideration (1 -disintegration, 2 -loading, 3 -technological transport, 4 -treatment), the total costs may be expressed as follows: The above abstract model can then be refi ned as necessary considering other input variables aff ecting the level of individual cost items (e.g., the prices of items consumed, technical parameters of technological devices, rock characteristics, staffi ng, work organization).
Creating a simulation model
A simulation model means an abstract model typed in the form of a program in a programming language (Rábová, 1992) . If we are profi cient in programming several standard programming environments are available (like Visual Basic, COM, C + +,. NET, Java). If we want to create a dynamic model then we can use successfully special simulation programs (e.g. Powersim Studio, Vensim, Stella). A simulation model can also be made in a spreadsheet (e.g. MS Excel).
Managers and technical and administrative staff in the role of decision-makers are the ones who are the most frequent users of the simulation model, and therefore the spreadsheet environment is the most appropriate. It is undisputed that Microso Offi ce, which involves as an integral part also the Excel spreadsheet, is a widespread, if not the most popular so ware product, which can be found on the computers of managers and technical and administrative staff . Other advantages of this environment are availability and easy manageability.
2 The unit of work is understood e.g. drilled meters, kilograms of explosive charged, m 3 of ruin Since the spreadsheet is really a standard tool, let us only say that the working surface is made up of a large table of 65,536 rows and 250 columns. The user sees and works as a rule with a small part only. The fi eld in the table is called a cell and each cell has an address designated by a column and row (e.g., B3). The individual cells can be treated as variables. Using absolute and relative cell references and mathematical relationships we create a simulation model. In creating this, also mathematical functions and constants are used.
For the above reasons, the simulation modelling was performed in the Microso Excel 2007 spreadsheet calculator. In order to work with the model in earlier versions of the calculator it is saved in the compatibility mode.
RESULTS
The result of simulation modelling is the economic model of quarry (EML), which was enrolled as the applied so ware 3 . One of the conditions for enrolling the so ware was to confi rm the deployment of EML under operating conditions. EML is used for example by a major mining company KÁMEN Zbráslav, spol. s r. o.
The EML economic model of quarry is a support tool for managerial decision-making under conditions of a mining company. EML models the mining and treatment process. It also deals with dispatch and administration. The model is set up so that it respects the internal structure of the mining process, which means that also single technological processes and operations (disintegration -drilling, blasting, loading, technology transport) are modelled.
The model consists of a total of 13 inter-related workbooks. In order the user (manager) can easily work with the model, the model involves the workbook "Map of model.xls" (see Fig. 5 ), which is used to control the model, during the creation of which the form "Buttons" was used.
The workbook "Model of quarry.xls" is an imaginary peak of the simulation pyramid. The workbook covers the individual modules (disintegration, loading, technology transport, treatment, dispatch, administration) and provides comprehensive economic information about the individual modules (processes) and the quarry as a whole. The last sheet in the workbook Work section Total, EML is freely available at: http://homen.vsb.cz/~van74/sw/EML/.
5: Model map
• Cost structure by processes; • The total costs by processes. The simulation model in the spreadsheet calculator is in the form of tables, whose output cells are connected with the input cells through relative or absolute links. In a comprehensive view of the tables, these links are hidden, and therefore if they are not inserted into the model of value, the accuracy and completeness of the simulation model cannot be verifi ed. So the functional verifi cation of the model is the key phase of simulation modelling.
Simulation
Creating a simulation model (see Fig. 6 ) completes the modelling process and opens the space to use the model in own simulations, which are actually the real objective of the whole modelling process. Creating a model without the assumption of its use in simulations is indeed possible, but completely useless.
The actual simulation can be performed at two levels. The fi rst level is insertion of input items into a simulation model (e.g. EML), and determining the costs of mineral acquisition. The second level of the economic simulations is experiments with diff erent input variables, while using the principle of a sensitivity analysis.
The sensitivity analysis determines the sensitivity of the output variable of the model to a change of a certain input. The sensitivity is determined by gradually changing the values of selected input variables while maintaining outstanding values. This procedure can repeat in a number of simulation steps (Hlinica, 2009 ). For example, we change gradually the selected input variable by 2, 4, 6 and 8%, and observe the response of the output variable. In those cases where the number of input variables is in the order of tens, we must take into account some diffi culty in the organization of computations even when using the computer technology. It is not essential to change gradually all input variables. It depends of course on the purpose of the conducted simulations, or the volume of the performed simulations depends on the own decision-making process.
DISCUSSION
These are several experiments we can do. We can change the input data (e.g. the use of technological devices, their performance characteristics, prices, consumption) and monitor how these changes are refl ected in the total and unit costs of the relevant processes, and therefore in the costs per entire working section. In addition, it is possible to simulate changes in mining days, changes in downtimes in the mining and treatment process or changes in the number of shi s.
We illustrate the use of the model on the simulation of a change in the number of mining days, which refl ects the current climatic conditions in winter. If the winter is mild and construction activities take place, the mining production is not stopped, which is obviously refl ected in the economy of the mining plant, or in the total costs of the phases in question of the building stone exploitation, as the following simulation shows.
Due to the limited maximum number of pages that the authors have got available, it is not possible to specify all the input values. In total there are 244 of them in EML. The results of the simulation performed are shown in Tab. II and III.
In the case of an increase in the number of mining days from original 190 to 200 a decrease in unit costs occurs. The reason is that the increasing number of mining days causes a rise in the eff ective time fund, thereby allowing loosing more the fi xed costs. Due to mild winter, there is a greater use of longterm tangible assets, which has a positive economic eff ect in reducing the unit costs. It is therefore clearly recommended to the management of the mining fi rm to prolong the period, when the quarry produces crushed stone. However, it is clear that this period cannot be prolonged, despite the climatic conditions.
CONCLUSION
Mining and treatment of mineral resources is from the economic view a standard business activity. If a mining enterprise would like to survive in the market it cannot do without the implementation of a number of measures for cost optimisation based on their minimization. Practically, this is search for savings. It ensures either greater profi tability while maintaining prices, or lower prices, which will be appreciated by customers of the mining company.
The created business model provides its users with more possibilities of application. It can fi nd its application in the creation of internal prices, which may also serve as the basis of economic evaluation of a considered technological or manufacturing process. Identifying signifi cant deviations can become the beginning of analytical work at the end of which there is the knowledge of the quarry managers which direction to fi x the attention to achieve the set out objectives.
Decision-making is an integral part of managerial work. When searching for the right decisions, the managers can rely on a variety of techniques, tools and methods. The economic modelling and simulation is one of the supporting and valuable instruments. The proper use of this instrument can contribute to improve the quality and level of the decision-making process and thus the managing process as a whole. It depends only on decisionmakers to decide. 
